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TECENICAL NOTE 257k

THEORETICAL ANALYSIS OF SOME SIMPLE
TYPES OF ACCELERATION RESTRICTORS

By William H, Phillips
SUMMARY

A theoretical analysis has been made of acceleration restrictors
which work on the principle of stopping the upward motion of the ele-
vator when the signal from an acceleration-sensing device reaches a
certain velue. The devices considered for measuring the acceleration
include an accelerometer located at the center of gravity, an acceler-
ometer located 3 chords ehead of the center of gravity, and a device
measuring the quantity: True airspeed times pitching velocity. The
results of the analysis are presented as charts showing the ratio of
peak acceleration to preset acceleration as a function of alrspeed for
various maximm rates of elevator movement. Calculations were made for
a representative fighter airplane and a representative transport air-
plane over a range of center-of-gravity positions at altitudes of sea
level and 40,000 feet.

The results of the analysis indicate that an acceleration restrictor
sensing acceleration measured at the center of gravity is unsatisfactory
because an undue limitation on the rate of control movement is required
to prevent large overshoots of the acceleration beyond the preset
limiting value. Somewhat larger ratés of elevator movement are allow-
able 1f the accelerometer is located 3 chords ahead of the center of
grevity. The alloweble rate of elevator movement, however, is still
insufficlent  to provide adequate maneuverability unless a device is
Incorporated to increase the maximum rate of elevator movement with .
decreasing speed. A device sensitive to a combinption of the quantities
normal acceleration and pitching acceleration might be suiteble for
operating an acceleration restrictor, but the component of pitching
acceleration should be larger than that obtainsble by simply locating
the accelerometer In the nose of the airplane. A device sensitive to
the quantity: True alrspeed times pitching veloclty appears to give
fairly satisfactory acceleration-restriction characteristics provided
the static.margin is greater than about 10 or 15 percent of the mean
aerodynamic chord.
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An acceleration restrictor operated by a signal which precedes the
bulld-up of normal acceleration by a sufficient amount will cause the
elevator motion to stop at a deflection less than that corresponding to
the preset acceleration. If the elevator motion is allowed to start
again when the signal falls below the preset value, the elevator will
move up In a series of steps and approach a deflection closely corre-
sponding to the preset acceleration., This method of operation appears
to offer promise as a means of avolding excessive ratios of peak accele-
ration to preset acceleration over a wide range of flight conditions.

TNTRODUCTION

Although exlsting alrplanes are not equipped with acceleration
restrictors, several recent developments have tended to create the need
for a reliable method of limiting maneuvering accelerations. In the
case of fighter airplanes the use of "g suits" allows the pilot to with-
stand physically accelerations in excess of the limit load factor of
the airplanes. In the case of transport or bomber airplanes, research
reported 1n reference 1 has shown that very low stick-force gradients
are consldered desirable provided the control friction is smell. At
the same time experience with control boosters has reached the point
where control-force gradients as light as desired may be provided on
alrplanes of any size. 1In order to utilize such small control-force
gradients safely, however, a device for preventing the pilot from inmd-
vertently overloading the ailrplane in maneuvers would be required.

In connection with the design of any acceleration-restricting
device, the question of rellability 1s of extreme importance. The
device must work in a fool-proof manner on the rare occeslons when it
18 requlred to prevent overloading the airplane and its presence must
in no way endanger or interfere wilth the normal control of the airplane.
Consideration must therefore be given to the use of the simplest possible
devices even though such devices might operate satisfactorily over a
more limited range of conditions than other more elaborate devices.

In the present paper, possible methods of operation of acceleration
restrictors are dlscussed and an analyslis is made of some of the simpler
devices. The analysis 1s intended to supply information on the 1limi-
tatlions of these devices and the conditions under which they might operate
satisfactorily,
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SYMBOLS

double amplitude of trapezoidal wave
coefficient of Fourier series

wing chord

pitching-moment coefficieﬁ‘b < M >

B V25

vertical-force coefficient (p Z
5

differential operator (d/ds)

acceleration due to gravity

radius of gyration about Y-axis
radius of gyration factor (ky/c)

eirplane mass

pitching moment (positive up)

normal acceleration (positive up), g-units

preset value of normal acceleration
pitching veloclty
distance traveled, chords

wing area

" time

period of trapezoildal wave, chords

duration of sloping portion of trapezoldal wave, chords

true airspeed
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Z vertical force (positive down)

1 distance between accelerometer and center of gravity, chords
a angle of attack

de elevatpr angle

e "angle of pitch

11 relatlive-denslity factor (m/pSc>

p alr density

® nondimensional frequency, radiaps/chord

Stability derivatives are defined in accordance with the following
examples:
CZa.= da’ QMq - Lacy QMDE N7
o7 9

2v
POSSIBLE FRINCIPLES OF OPERATION OF ACCELERATION RESTRICTORS

Perhaps the simplest method for limiting meneuvering accelerations
which shows enough promise to merit consideration 1s a device preventing
further upwerd motion of the elevator when the limit load factor is
reached. This type of system has the obvious shortcoming that in a
maneuver the elevator may be rapidly moved to large deflections before
the acceleration bullds up. In order for the device to operate success-
fully, therefore, it 1s necessary to restrict the rate of elevator move-
ment. Such a restriction is inherently provided in most control boosters;
this provision, therefore, does not add to-the mechanical complication
of the device. An undue restriction in the rate of elevator movement
may be required, however, in order to prevent the acceleration in a
maneuver from exceeding the desired value. In the limiting case where
the maneuvering stability 1s zero, a device which operates on the prin-
ciple of stopping the upward elevator movement is obviously useless
because any small upward movement of the elevator would result in excessive
values of acceleration. Devices of this type, therefore, fail to provide
safety in case the airplane 1s inadvertently loaded with an excessively
rearward center-of-gravity location, just the condition under which
limitation of the accelerations might be most needed. Such devices
might, nevertheless, have application to alrplanes whose physical
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arrangement makes abnormally tail-heavy loading unlikely, or to trans-
port ailrplemnes in which close control of the center of gravity is
maintained.

Two methods may be employed to increase the allowable rate of con-
trol movement for satisfactory operation of an acceleration restrictor
of the type described. One method 1s to operate the device in accord-
ance with a signal which measures the normal acceleration under steady
conditions but which precedes the build-up of normal acceleration in =
rapid maneuver. The other method is to reduce the lag in airplane responﬂe
to control movement.

In connection with the first method, a signal consisting of a
combination of pitching acceleration and normal scceleration might be
used to operate the acceleration restrictor. In this case, the pitching-
acceleration slignal precedes the normal acceleration during the early
stages of a pull-up but later goes to Zero In a steady pull-up and leaves
only the normal-acceleration signal. Such a combined signal might be
very easlily obtalned by locating the accelerometer some distance shead
of the center of gravity. Another source of a signal which precedes
the normal acceleration in a rapld meneuver is a device measuring the
quantity: True alrspeed times pitching velocity. Thils quantity measures
the steady geometric acceleration but falls to include the effect of
gravity on the loads applied to the airplane. If this type of device
were set to limit the acceleration to a safe value in a level attitude,
therefore, it would provide a conservative limitation for other
attlitudes.

The second method for increasing the allowable rate of control
movement, which involves reduction of the lag in airplane response, can
be accomplished by incorporating a sultable automatic pllot which moves
the elevator in accordance with a commend signal from the control stick
in such a way as to produce the acceleration called for with. as little
lag as possible. By use of an autopilot which Increases the stabllity
of the airplane, such an arrangement might be made to work even when
the alrplane without automatic control had zero stability in maneuvers.
This method requires continuous operation in normel flight of the mech-
anisms connected with the restricting device, however, and therefore
guffers from the objJection that melfunctioning of the device might
endanger the normal control of the airplane.

The present study has been confined to acceleration restrictors of
the simplest type, that is, those which prevent further upward movement
of the elevator when the signal from the acceleration-measuring device
reaches a certaln value. The study is consldered preliminary because
no general analysis has been made to determine the optimum design for
such a device In any particular case, The devices consldered for
measuring the acceleration include an accelerometer located at the center
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of gravity, an accelerometer 3 chords ahead of the center of gravity,
and a device measuring the quantity: True airspeed times pitching
velocity. Calculations have been made for a representative fighter air-
plane and a representative transport airplane over a range of values of
altitude, airspeed, and center-of-gravity position. No consideration
has been given in the present paper to the mechanical design of a device
to stop the elevator movement, though such a device should not be diffi-
cult to develop.

ANAT.YSTS

The most critical type of maneuver for an acceleratlon restrictor
of the type considered is a pull-up in which the elevator is moved
at the maximum aveilable rate until it is stopped by the action of the
restrictor and then is held fixed at this deflection. The effective-
ness of the device may be determined by comparing the maximum normal
acceleration reached with the desired limiting value.

Calculation of Response

In order to determine the response of an alrplane In a maneuver in
which the elevator is moved at a constant rate and thereafter held fixed,
the response was actually calculated to a periodic elevator motion of
trapezoidal wave form, The fundamental frequency of the wave was selected
so that the response of the airplane had essentially reached a steady
velue before the next half-cycle started., The first step in this cal-
culation was to determine the frequency-response characteristics of the
airplane (that is, the response to sinusoidal elevator movements of
various frequencies). The response to & perlodic elevator motion of
trapezoldal wave form was then calculated by expressing the trapezoldal
wave as a Fourier series and calculating the response to the varlous
terms of the series separately. These responses were added vectorilally
by an electromechanical Fourier synthesizer of the type described in
reference 2. This machine allowed the Inclusion of the first 23
harmonics of the Fourler seriles.

Maneuvers Involving many combinations of elevator rate, elevator
deflection, and airspeed may occur In practice. By employing the equa-
tions for response in nondimensional form, however, a relatively small
number of solutions may be made to apply to a wide range of conditilons.
The detailed procedure used in the analysis 1s now described.
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The transfer functions relating the normal acceleration and pitching
velocity of the airplene to the elevator deflectlion are expressed in non-
dimensional form as féllows:

D(a - 6) _ D2<'2uKy20Z5e>+ CmacZae - CZa,Cm'Ge
5 ™

D6 _ D<-2ucm5e> : CZ“CmSe ) Cm“czﬁe
Be A,

where

A = De<;hu2Ky2 ¥ pKyECZD;>.+ D(%pxbagza + Wl + quD;>,+ .

2Cn,, + %Czqgma - %Cmqua

The method of derivation of these equations is given in reference 3.

The equations are derived on the assumption that the airspeed is constant.
The nondimensional time is taken as the distance traveled expressed in
chords. The normal acceleration in g-units 1s related to D(a - 6) by
the formula:

n= - %é D(a - 6)

The pitching velocity 1s related to D& Dy the formula:

The transfer functlion for the normal acceleration at a location 1
chords ahead of the center of gravity is obtained from the relation

D(a - 6)} _D(a -6) _ ;D3
Be Be 5
1

e




8 NACA TN 25T7h

.

Frequency-response charecteristics were computed by substi-
tuting D = 1w into the transfer functions. The real and imaginary
parts of the resulting expression give the components of response in
phase and 90° out of phase, respectively, with a sinusoidal elevator
motion of frequency .

The symbols describing the trapezoldael wave form assumed for the
elevator motion are illustrated in figure 1. This wave form may be
expressed as a Fourier seriles

Be = Ay sin Nws

Wwhere

N=1,3,5...)

Values of T./Tp of 0, 1/48, 1/24, 1/12, 1/6, and 1/3 were used in the

calculations, The corresponding input waves as plotted by the Fouriler
synthesizer using values of N through 23 are shown in figure 2. It

is seen that the square wave 1s rather poorly approximated by the assumed
series, but the waves for values of T,/Tpy of 1/24% or more are well-
approximated, These waves correspond to the conditions of greatest
Interest in the present analysis, :

Analysis of Response Curves

A typlcal response time history, obtained from the Fourier synthe-
slzer in the manner described previously, 1s shown 1n figure 3. This
Tigure 1s used to 11lustrate the method of application of the response
curves to the determinetion of the actlon of an acceleration restrictor
in any particular maneuver, -Scales are not shown in the curves of
figure 3 because only the ‘shape of the curves is important at this stage
of the analysis, The magnitudes of the various quantities are to be
determined from a knowledge of the alrspeed, desired limiting acceleration,
and so forth. Throughout the analysis, the response curves were assumed
to start from a value of the variable of zero, so that any numerical
value of acceleration represents an increment from the steady f£light
condition of 1 g. Similarly, all ratios of accelerations or pitching
velocities represent ratios of the Incremental values of these quantities.

Acceleration restrictor sensitive to normal acceleration measured
at center of gravity.- First, the action of an acceleration restrictor
which stops the upward motion of the elevator at a preset value of normal
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acceleration np measured at the center of gravity will be considered.

Since, in figure 3, the upward motion of the elevator stops at time (1),
the value of normal acceleration at this time n; represents this preset

value of acceleration. The ratio of the peak acceleration to the preset
acceleration is given by the ratio n, /nl. This ratio must be determined

as a functlon of the rate of elevator motion and the airspeed, As shown
in figure 3, the rate of elevator motion is Sel /tl. This value of 891

18 .determined .a.s follows:

Be =8e =n3 ggg—)
1 3 ©\dn /steady

vhere (d&e/dn) steady 1s the ratio of elevator angle to normal accel-
eration under steady conditions. Now

<@e> - 1 ,
dn steady V_E ‘Bga. - 6)]
8¢ [ Be steady ) )

1s the known value.of the nondimensional acceler-

vhere D(a - 6)

e steady
ation response at zero frequency. Also,

n. n
g = nl<_3> - np(i.g)

and the value of t; 18 (Tl/Tf)ch/V, vhere Ty 1s the known fundamental
period of the trapezoildal wave expressed in chords.

By use of the preceding relatibns, the expresslon for the rate of
elevator movement becomes

. ) (53
Be 3 ny

(5}
Tf e steady

This formule establishes the relatlon between the elevator rate and the
sirspeed for a given set of the values of the ratios n3 /nl end Ty /If

obtained from a glven nondimensional response time history. From this
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same time history a certain value of the ratio of peek acceleration to
preset acceleration n?/hl is obtained. This information allows the

plotting of a contour line of constant ratio of peak acceleration to
preset acceleration on a graph of elevator rate against airspeed. By
interpolation between a series of such curves, a graph showing this
ratio as a function of airspeed for constant values of elevator rate may
be prepared. Since the chord c¢ cancels in the formula, the same curves

apply to dynamically similar airplanes of any size.

Acceleration restrictor sensitive to the quantity: True airspeed
times pltching velocity.- The action of an acceleratlion restrictor which
stops the upward motion of the elevator at a given value of the quan-
tity 'Vq/g i8 now considered. (The g is placed in the denominator
of this expresslon to put the numerical values of this quantity on the
same basis as the values of n.) The value of q at time (1) (fig. 3)
1s the value required to make the quantity Vq/g equal to the preset
velue of normal acceleration np. The ratio of peak acceleration to

preset acceleration is therefore 2 . But
° Va, /g
4
oo (2
and in a steady pull-up,
va
g

Hence, the ratio of peak acceleration to preset acceleration is ;% %3.

1
By the same method as was used previously for the accelerometer-actuated
restrictor, the expression for the rate of elevator movement may be shown

to be

L VT E;, a -6
t e steady

Acceleration restrictor sensitive to normal acceleration 3 chords
ahead of the center of gravity.- The method of analysis used for the
case where the acceleration was measured at a point 3 chords ehead of
the center of gravity i1s similar to that described for the device
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sensitive to Vg/g. The formulas used to determine the rate of elevator
movement and the ratlo of peak acceleration to preset acceleration are -
identical in the two cases, except that values read from the curve of
the acceleratlon at the locatlon of the accelerometer are used In place
of the values of q.

RESULTS

Calculations were made of the time historles of normal acceleration
and pltching veloclty in pull-ups with various rates of elevator movement
for two airplanes, a representative fighter airplane and a representa-
tive transport airplane. These calculations were made for two altitudes,
sea level and 40,000 feet, and three center-of-gravity positions, corre-
sponding to values of static margin of 0, 10, and 20 percent of the mean
aerodynamic chord., These cases were consldered to be representative of
the range of dynamic stabllity characteristics likely to be encountered
in practice. The assumed airplane dimensions, mags characteristics, and
stability derivatives are listed in table I.

In order to show the range of dynamic stability characteristics
included in the analysis, typlcal examples of response curves for the
Tighter and transport airplenes at altitudes of sea level and 40,000
feet and with three center-of-gravity positions are shown in figure k.-
The response to a rather rapid elevator movement, rather than to a .
theoretical step function, is shown because, as noted previously, the
Pourler syntheslzer more accurately approximated the case® where the rate
of elevator movement was finite. The period and demping of the short-
period osclllation of the airplanes under these condlitions are given
in table II.

The behavior of the acceleration restrictors discussed previously
is given in figures 5, 6, and 7. Figure 5 shows, for all the airplane
conditions considered, the characteristics for the case in which the
upward motion of the elevator is stopped at a given value of normal
acceleration measured at the center of gravity. Figure 6 presents
similar results for the case in which the acceleration is measured at
a point 3 chords ahead of the center of gravity. These calculations
are limited to the case of the fighter airplaene at sea level. Figure T .
shows, for all the airplane conditions considered, the characteristics
of an acceleration restrictor which stops the upward motion of the
elevator at a given value of the quantity Vq/g. FEach of these figures
presents the ratio of peak acceleration to preset acceleration as a
function of true airspeed for various values of elevator rate. The
preset incremental normal acceleration was taken as 6g for the fighter
airplane and 2.5g for the transport airplane. These curves may be
applied to other values of preset acceleration, however, by changing
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the values of elevator rate in direct proportion to the value of preset

incremental acceleration. The curves apply quantitatively to airplanes

of any size which are dynamically similar to the asirplanes whose charac-
teristics are listed in table I.

The data of figures 5, 6, and 7 are plotted for values of static
margin of 0, 10, and 20 percent of the mean aerodynamic chord. Inasmuch
as the maneuver margin has more significance in interpreting these results,
however, values of maneuver margin for the various cases are also shown
in these figures. (Maneuver margin is defined as the distance between
the center of gravity and the maneuver point; the maneuver point 1s the
center-of-gravity location at which the veriation of pitching moment
with 1ift coefficient is zero in steady pull-ups at constant airspeed.)

DISCUSSION

Interpretation of the results shown in figures 5, 6, and 7 requires
consideration of the desired action of an acceleration restrictor.
Ideally, the acceleration reached in a pull-up should equal but should
not exceed the preset limiting value. An overshoot of the acceleration
beyond the preset value could be allowed for if the ratio of peak acceler-
ation to preset acceleration were always the same, Unfortunately,
however, the results show that this ratio usually increases approximately
linearly with airspeed. If the preset acceleration is chosen to avoid
‘exceeding the limit load factor in high-speed flight, therefore, the
maneuvering capabilities of the airplane will be restricted to values
below the structural limitations at lower airspeeds. In order to avoild
an undue limitation in the maneuvering capabilities, the ratio of peak
acceleration to preset acceleration must be kept to a fairly low value,
say 1.5. Values of this ratio as high as 4 are shown in figures 5, 6,
and 7. The values between approximately 1.5 and I are beyond the range
of practical interest and are included simply to show the theoretical
limitations of the devices.

The data of figures 5, 6, and T show, as expected, a strong effect
of the maneuvering stabllity on the behavior of the acceleration restrictors.
A maneuver margin of zero would result in infinite ratios of maximum
acceleration to preset acceleration for any elevator rate for all of the
acceleration restrictors considered. The detalled results for the various
cases are now discussed.

Acceleration restrictor sensitive to normal acceleration at the
center of gravity.- In the case of the acceleration restrictor which
stops the elevator movement at a given value of normal acceleration
measured at the center of gravity (fig. 5), the characteristics with a
static margin of zero are entirely unascceptable, and relatively low
values of elevator rates are required to avoid overshoot ratios greater
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than 1.5 when the static margin is 10 percent or even 20 percent of the
mean aerodynamic chord. For example, in the case of the fighter air-
plane at sea level (fig. 5(a)) with a static margin of 10 percent of )
the mean aerodynamic chord, the elevator rate would have to be restricted
to about 6° per second for an overshoot ratio of 1.5 at an airspeed

of 900 feet per second. Such a rate 1s probably umacceptably low inas-
much as a rate of elevator movement of about 30° to 50° per second is
consldered necessary for low-speed maneuvers such as landing in ‘an air-
plane of this type. At an altitude of 40,000 feet (fig. 5(b)) somewhat
higher rates are permissible, primarily because the airplane muist pull

up to a higher 1ift coefficlient to obtaln a given acceleration at high
altitude.

The explanation for the large ratlos of peak acceleration to preset
acceleration with the hlgher rates of elevator movement 1s illustrated
in figure 3. The main reason for the overshoot is not the dynamic over-
shoot of the acceleration (n2/£3 in fig. 3) but the lag in build-up
of the acceleration which aliows the elevator to be moved to a deflection
far beyond that required for the desired limiting acceleration before
the acceleration has. approached 1its maximum value,

In the case of the trensport airplane (figs. 5(c) and 5(d)) similar
conclusions may be obtained. The results of research reported in refer-
ence 1 indicate that values of rate of elevator movement as low &s 10° per
second might be acceptable for the landing maneuver of a transport alr-
plane. The values of elevator rate requlred to prevent overshoot ratios
greater than 1.5 are considerably lower than this figure, however, at
high velues of airspeed.

Acceleration restrictor senslitive to normal acceleration 3 chords
ahead of the center of gravity.- The results for the case of an acceler-
ation restrictor depending on measurements of acceleration at a point
3 chords shead of the center of gravity for the fighter airplane at sea
level (fig. 6) show some incremse in the allowable rates of elevator
motion when compared with the results when the accelerometer was located
at the center of gravity (fig. 5(a)). The increase is not sufficient,
however, to result In satisfactory characteristics, inasmuch as- the
maximum allowable values of elevator rate at high values of airspeed are
again less than those required in low-speed flight. The Improved results
obtalned with the accelerometer mounted near the nose as compared to those
wilth 1t mounted at the center of gravity indicate that a combination of
the quantities normal acceleration and pitching acceleration might pro-
vide a sultable signal for operation of an acceleration restrictor but
the relative contribution of the pitching acceleration obtainable by
simply locating the accelerometer near the nose of the airplane is
insufficlent.

One way in which satilsfactory characteristics might be obtained
with an acceleration restrictor sensitive to nprmal acceleration measured
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at a point near the nose of the alrplane would be to incorporate a

device to increase the maximum rate of elevator motion as the airspeed
decreased, Such a variation in rate of elevator motion with airspeed
would probably be acceptable from the pilots' standpoint inasmuch as
smaller rates of elevator motion are required in maneuvers at high speed.
The complication involved in providing this characteristic would probably
rule it out of consideration unless some other benefit could also be
derived. One such benefit which would result is a reduction in the tail
loads in maneuvers at high speed.

Acceleration restrictor sensitive to the quantity: True alrspeed
times pltching velocity.- The results obtained with an acceleration
restrictor which stops the motion of the elevator at a given value of
quantity Vg/g (fig. 7) indicate that with this device much higher rates
of elevator motion are allowable, The characteristics of this device
appear to be satlsfactory for the case of the fighter airplene provided
the static margin-is greater than 10 percent of the mean aerodynamic
chord. 1In the case of the transport airplane, however, somewhat greater
values of static margin are required.

The ratio of peak acceleration to preset limlting acceleration for
this type of device is seen to be less than 1.0 for the fighter ailrplane
with low rates of elevator movement. This condition may not be undesir-
able provided the acceleration restrictor is designed to allow further
upward movement of the elevator when the quantity Vg/g falls below
the preset value. The characteristics obtained in this case are shown
in figure 8. In a rapid maneuver the device stops the upward motion of
the elevator at the preset value of the quantity Vq/g. Because the pitching
veloclty precedes the normal acceleration, the elevator stops at & point
corresponding to a value of normal acceleration below the desired limiting
value. Following the initial overshoot of pitching velocity, however,
the quantity Vg/g falls below the preset value and further upward
motion of the elevator is allowed. The elevator therefore moves up in
a series of steps. In the case shown, the elevator motlon ceased after
three steps and the ratio of peak acceleration to preset acceleration
was 1l.23. Some osclllations in the response were induced by the motion
of the elevator, but the oscillations in normal acceleration do not appear
large enough to have a significant effect on the satisfactory operation
of the airplane, .

The foregoing type of behavlor would be expected for any acceler-
ation restrictor operated by a signal which precedes the build-up of
normal acceleration by a sufficlent amount. For example, an acceler-
ation restrictor sensitive to a combination of pitching acceleration
and normal acceleration would be expected to work in this manner provided
the pltching-acceleration signal were sufficlently large. This method
of operation appears to offer promise as & means for limiting the over-
shoot of the normel acceleratlion beyond its preset value over g wide
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range of flight conditions. Further investigation of devices working
on this principle would therefore appear desirable.

CONCLUDING REMARKS

An acceleration restrictor which works on the principle of stopping
the upward motion of the elevator at a given value of normal acceleration
measured at the center of gravity is unsatisfactory for the represen-
tative fighter alrplane and representative transport airplane investigated
because an undue limitation on the rate of elevator movement 1s requilred
to prevent large overshoots of the acceleratlon beyond the preset limiting
value. Somewhat larger rates of elevator movement are allowable 1f the
accelerometer 1is located 3 chords ahead of the center of gravity, because
the component of pitching acceleration measﬁred.by the Instrument precedes
the normal acceleration in a rapid maneuver. The allowable rate of
elevator movement, however, is still insufficient to provide adequate
maneuverability unless a device 1s incorporated to increase the maximum
rate of elevator movement with decreaging speed. These results 1ndicate
that a device sensitive to a combination of the quantitlies normal acceler-
ation and pitchlng acceleration might be suitable for operating an
acceleration restrictor but that the component of pltching acceleration
should be larger than that obtainable by simply locating the acceler-
ometer in the nose of the alrplane,

The use of a device sensitlve to the quantity: True alrspeed times
pltching velocity to operate the acceleration restrictor provides anti-
clpation of the acceleration in a rapid maneuver. The allowable rates |,
of elevator motlon for the fighter and transport alrplanes Investigated
appear satisfactory with this method provided the static margin is
greater than 10 or 15 percent of the mean aerodynamic chord. This method
does not take into account the effect of gravity on the loads experienced
by the airplane. If the device were set to limit the acceleration to
a safe value In level flight, therefore, it would provide a greater
restriction than necessary in other attitudes.

An acceleration restrictor operated by a signal which precedes
the build-up of normal acceleration by a sufficient amount will cause
the elevator motlon to stop at a deflection less than that corresponding
to the preset acceleration. If the elevator motion 1s allowed to start.
again when the signal falls below the preset value, the elevator will
move back in a series of steps and approach a deflection closely corre-
sponding to the preset acceleration. This method of operation appears
to offer promise as a means of avoiding excessive ratios of peak acceler-
ation to preset acceleration over a wide range of flight conditlons.

Langley Aeronautical ILaboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va., August 10, 1951
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TABLE I

CHARACTERISTICS OF AIRPLANES USED IN CALCULATIONS

‘.Iei@t lb ] . . L] » L] ® ® [ L] . . L] » *
Wj-n.g &I‘ea, Bq_ ft L] .o'o ¢ o 0 e o e o o
Horizontal tail area, sq ft e e e s 0 0
ng dlord ft L] L ] L] L ] L] [ L] L * L] L] L]
Tail length, L] - . L] [] . . . . L] L] L] . L]
Radius of gyration about Y-a.:d.s, i
H (Sea level) e & o o o o o o ¢ o . e o o o
98 (ll'o 000 feet) © o o o & o o e o e o o
CZa oooooo ® o o o o o o o . * o
CZDa ..... ® o @& & & s @ & 2 ¢ &6 e o 9 o o
Cz o o o o o s o o o o o o o 8 a o o * o e »
Zq

C ooooooooooooo e o o o © o e o
Zse
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Fighter Transport
15,000 22,000
300 990
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20 37

T 12.33

93.3 32,2
382 132
1.0 1.37

-l". 77 "50 50
-2.12 -2.34
=L, 2 4,72
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~6,04 ~9.70
-12,06 ~19.40
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TABLE II
PERTOD AND DAMPING QF THE SHORT~PERIOD LONGITUDINAL 0SCILIATIONS

OF THE ATRPLANES USED IN CALCULATIONS

Fighter at - ‘ Transport at -

Static

margin Bea level 40,000 feet Bea level 40,000 feet

(percen;: ’ -

M.A.C. P . Tq /0 P T /2 P Ty /2 P Ty /o

(chords) (chogd.s) (chords) (choéda) (chords) (choéd.s) (chords) (choédﬂ)
o | ns || ke | %33 | _____ 17.5
51,0 205 16.5 67.9

10 141 18.9 259 6.7 222 6,86 217 27.8
20 93.8 | 18.9 18.5 6.7 87.9 6.86 | 145 27.8

HlGe NI VOVM
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Bap ‘9¢ ‘orBue IoywAGTH

0
Distance traveled, s, chords
Figure 1,- Trapezoidal wave form of elevator motlon.
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;3_- = 0 (Square wave)

T

0

o R \

Te hi-3

%-% \—
.2

Tr 3

Figure 2.- Input waves representing elevator motion plotted by
Fourier synthesigzer.
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(1) (2) ' (3)
) ‘“‘Iﬂ!ﬁ!"’
1 }
I\

Figure 3.- Typical time history of reéponse of normal acceleration and
pitching velocity to elevator motion. Time (1) is the time when the
elevator motion stops. Time (2) is the time for maximum normal

acceleration. Time (3) is a time when steady conditions have been
reached.
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0 %0 80 120 160 200 240

Distance traveled, s, ohards
(a) Fighter airplane at sea level.
Figure lj.- Variation of the nondimensional normal-acceleration param-

eter D(a - ) and the nondimensional pitching-velocity parameter D@
with distance traveled following a rapid elevator movement of 1°.
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5o, deg
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D(e — 8)
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Distance traveled, s, chords ’

(b) Fighter airplane at 40,000 feet altitude.

‘ Figure li.- Continued.
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003 l—

Distance traveled, s, chords

(¢) Transport airplane at sea level.

Figure L.~ Continued.
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(d) Transport airplane at 40,000 feet altitude.

Figure L.- Concluded.
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(a) Fighter airplane at sea level, preset acceleration 6g.

Figure 5.- Ratio of peak acceleration to preset acceleration as a function
of true airspeed for various values of maximum elevator rate. Acceler-
ation restrictor controlled by accelerometer mounted at center of gravity.
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(b) Fighter airplane at-10,000 feet altitude, preset acceleration 6g.
(Curves for static margin of zero not shown because all values of
elevator rate listed give very large ratios of peak acceleration .
to preset acceleration.)

Figure 5.- Continued.
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Transport airplane at sea level, preset acceleration 2.5g.

Figure 5.- Continued.
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(d) Transport airplane at 10,000 feet altitude, preset acceleration 2.5g.

Figure 5.- Concluded.
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Figure 6.- Ratio of peak acceleration to preset acceleration as a function
of true airspeed for various values of maximum elevator rate. Acceler-
ation restrictor controlled by accelerometer mounted 3 chords ahead of
center of gravity. Fighter airplane at sea level. Preset acceleration 6g.
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(a) Fighter airplane at sea level, preset acceleration 6g.

Figure 7.- Ratio of peak acceleration to preset acceleration as a function
of true airspeed for various values of maximum elevator rate. Acceler-
ation restrictor controlled by a device sensing the quantity Vg/g.
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(b) Fighter airplane at 40,000 feet altitude, preset acceleration 6g.

Figure 7.- Continued.
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(¢) Transport airplane at sea level, preset acceleration 2.5g.

Figure 7.- Continued.




NACA TN 257k

34
¥ 16 8| Elevator rate, deg per
N per sec
] ]
| ——
3353 el — |
8 |
ces | e
HE
tﬂ og 2 /
© Z / Static margin, O percent ¢
Maneuver margin, 3.7 percent ¢
1
3 L7 L] T T
128 64 ~ Elevatar rate, deg per 8o [ 32
] -
1 ,J/
L
ot g il P
| L
§ //// - — 8
g Lt LY
& g1 k
B Statdc margin, 10 percent ¢
Mansuver margin, 13.7 pexrcent ¢
3
g
.3333 2 -
| 128 Elevatar rate, d.oa’}f}‘_fg&_@
5% — =T [ =5
——— 2
o I I O ot S S =, I e T
== = == —
L
Static margin, 20 percent ¢
Manouver margin, 23.7 percent ¢
200 300 hoo 500 €00 . T00 800 900

Trus airspeed, ft per sec

(d) Transport airplane at 40,000 feet altitude, preset acceleration 2.5g.

Figure 7.- Concluded.
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Flgure 8.- Typical time history of the action of an-acceleration restrictor
sensitive to the quantity Vg/g in a case where the elevator motion

initially is stopped before the preset acceleration is reached.
(Elevator-angle scale omitted because the quantitative

acceleration 6g.

values of elevator angle depend on the airspeed.)
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